We have sequenced DNA clones corresponding to the entire coding and 5' untranslated regions and almost all of the 3' untranslated region of a silkmoth chorion RNA which is expressed largely in a subpopulation of follicular epithelial cells (aeropyle crown region). This RNA encodes the El protein, one of two components of the prominent "ifiler" that helps mold the shape of aeropyle crowns. The conceptually translated El sequence reveals an alternation in hydrophobic and hydrophilic stretches of amino acids that correlates with certain predictions about its secondary structure. El is unusual in revealing no sequence homology with other known chorion sequences and in having an unusually long 3' untranslated region. Sequence analysis of the 5' end of the El gene has identified an intron near the end of the signal peptide-encoding region, a feature shared with other chorion genes.
Choriogenesis in silkmoths entails the sequential synthesis of more than 100 distinct proteins during its 2-day duration (1) . During the first nine-tenths of choriogenesis, all cells in the chorion-producing follicular epithelium produce the same proteins at the same times and at the same rates (2) . These proteins are secreted and assemble extracellularly to form a largely lamellar structure (3) . Then, during the "very late" period, two major subpopulations of follicle cells become distinguishable on the basis of distinct patterns of chorion protein and RNA synthesis (ref. 2 and unpublished observations). Cells in the aeropyle crown region begin synthesizing a distinct subset of chorion proteins that assemble into prominent crown-shaped surface structures underlying each three-cell junction. At the ultrastructural level, aeropyle crowns consist of several lamellae similar to, but thinner than, those of the underlying lamellar chorion (4) . Within each aeropyle crown is a ball of spongy material called "filler," which appears to have an architectural role and extends into the underlying narrow aeropyle channel (2) . Filler consists of only two distinct proteins, called El and E2, whereas lamellae, including those ofthe aeropyle crowns, are biochemically much more complex and include most members of the A-, B-, and C-size classes of chorion proteins (2) . The other major population of follicle cells is found in the so-called flat region. Very-late-period-specific proteins appear to be synthesized in this region as well, although their absolute rates are reduced by a factor of 10 or more relative to cells in the aeropyle crown region. In the flat region, no aeropyle crowns ever form and filler is confined to the aeropyle channels.
Regier et al. (5) have described the molecular cloning of very-late-period-specific nucleic acid sequences that encode the filler proteins, El and E2. Our interest in further characterization of E sequences is threefold: (i) to search for features shared betweeen very late period E sequences and previously characterized chorion sequences that might indicate evolutionary relatedness, (ii) to begin to understand how El and E2 sequences assemble to form filler, and (iil) to describe the molecular basis of regionalization, including cell-specific expression at the RNA level and organization of regionally expressed genes. Concerning the first goal, it should be noted that the extensive chorion sequence data base (more than 20 partial or complete sequences) includes lamellar components only (6) (7) (8) . Within this group, striking homologies have been found for each of the five chorion multigene families characterized. Homologies are apparent even between different gene families, so that all lamellar chorion sequences to date may be placed into a chorion "superfamily" (6, 9) . In this report we present the complete El amino acid sequence as deduced from its encoding RNA, and we compare its sequence with those of lamellar chorion proteins.
MATERIALS AND METHODS
Isolation and Sequencing of Clones. The construction of an Antheraea polyphemus silkmoth chorion cDNA library in the plasmid pBR322 and the isolation and characterization of El-encoding cDNA clones have been described (5) . To facilitate sequencing by the chemical degradation method (10), we isolated intact plasmid inserts from two of these clones and reinserted them into the plasmid pUC8 (11) . Isolation of the El gene-containing chromosomal clone AP8 will be described in a future publication.
RESULTS
Sequencing Strategy. In a previous report, the cDNA clone pcvl 3 was shown to encode the El protein and to be near full-length (5). The strategy used to sequence the complete 752-base-pair (bp) insert [minus oligo(G'C) tails] is shown in Fig. 1 . Of the six possible translational reading frames (three from each strand), the correct one was easily identifiable based on the absence of translational termination codons over a significant stretch and by comparison of the published El amino acid composition with that deduced from the clone (12) . After conceptual translation of the pcvl 3 sequence, it was concluded that the clone had an incomplete 5' end. To extend the 5' end of the sequence, we rescreened the original cDNA library for additional El clones. pcvl 17 was chosen and sequenced from both ends. It contains 45 additional base pairs at its 5' end and 44 fewer at its 3' end. Conceptual translation of pcvl 17 suggested that its 5' end terminated within the signal peptide sequence. Therefore, we isolated and sequenced the 5' end of the El gene found within chromosomal clone AP8. Alignment of the AP8 and pcvl 17
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Fig. 2) . We consider this insertion to be an intron for two reasons: (i) sequence identity between AP8 and pcvl 17 extends on both sides of the intron and (ii) the borders of the El intronic sequences (GTAAGT ....TTGTTCGTAG) closely resemble those of other introns (15) . Using the El gene sequence, we extended the 5' end 16 bp until we came to an ATG codon, representing the translational initiation site. An additional in-frame ATG sequence is found 24 bp upstream, but it is followed by an in-frame termination codon. No additional in-frame ATG sequences are found within the next 167 bp. The presence of a putative "TATA box" at nucleotides -49 to -43 provides evidence that the proposed site of translational initiation is close to the 5' end of the RNA transcript. In turn, the location of the TATA box suggests that the site of transcriptional initiation is located somewhere between nucleotides -24 and -16 (box above sequence in Fig. 2 ). This site encompasses one of a pair of similar octanucleotides (nucleotides -23 to -16 and -14 to -7).
El Sequence. By aligning the three clone sequences as shown in Fig. 1 (8, 13, 14) . The solid triangle identifies the location of an intron (I). At nucleotide position 669, n signifies undetermined. The three most probable sites separating signal peptide from mature protein are each identified by an x. Asterisks beneath amino acid residues within the tetradecameric repeats represent the two conservative substitutions. Proc. Nad Acad ScL USA 82 (1985) Proc. Natl. Acad Sci. USA 82 (1985) 6037 not, hybridization analysis shows that they are very similar in primary structure to each other. The conceptually translated sequence of 169 amino acid residues preceding the termination codon is shown below its encoding nucleotide sequence (Fig. 2) . Surprisingly, 302 nucleotides follow the termination codon, significantly more than in previously described chorion sequences (8, 13) . Within this 3' untranslated region are interspersed multiple termination codons (8-11, depending on the reading frame) and four possible AATAAA polyadenylylation signals (16) . The 3' untranslated region must be nearly complete, since we have previously estimated the El RNA to be 850 nucleotides long, and the approximately 830-nucleotide transcribed sequence in Fig. 2 does not include a poly(A) tail (5) .
El, like other chorion proteins, is secreted extracellularly and presumably is synthesized with an amino-terminal signal peptide (17, 18) . We have identified the three positions (each marked by an x in Fig. 2 ) most likely to separate signal peptide sequence from the mature protein sequence based on the observation that the last residue in a signal peptide is small and neutral and that the resulting conceptualized amino acid composition should closely match the published values (12, 19) . The polypeptide defined by residues 17-169 is slightly favored on the basis of composition (Table 1 ). Slight differences between the two amino acid compositions are easily ascribed to population polymorphism and to minor inaccuracies inherent in amino acid analysis. This 153-residue polypeptide has a molecular weight of 15,694, making it equal in length to but slightly larger in molecular weight than the largest known class B protein (13) . This is consistent with their respective mobilities on NaDodSO4/polyacrylamide gels, where El protein migrates slightly more slowly than the B protein (5).
A primary structural feature characteristic ofother chorion protein sequences is the presence of short internal repeats (20) . El contains a single direct tetradecapeptide repeat (residues 114-127 and 128-141) with only two conservative differences. Other than this no stretches longer than three aminoacidresidues arepresent morethan once in the sequence. (Fig. 4 and Discussion).
Hydrophobicity and Secondary Structure Prediction. Kyte and Doolittle (22) Fig. 2). hydrophobicity, the first four (from left to right) of which are roughly equally spaced. The valley separating peaks four and five includes the tetradecapeptide repeat, which may account for its greater length.
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We have also predicted the secondary structure of the El polypeptide using two distinct probabilistic methods ( Fig. 5 and Discussion). The above peaks of hydrophobicity generally are predicted to be ordered as a-helix or as 8-sheet, whereas the valleys are predicted to contain p-turns. DISCUSSION The Relationship Between El and Other Chorion Sequences. One of our major goals in sequencing El was to search for possible homologies with other chorion sequences. The lack of homology in the coding and 3' untranslated regions suggests that El is not a member of the previously described chorion superfamily, since representative sequences from the two main groups (called A-like and B-like) are more similar to each other than to El (Fig. 3) . Presumably, the very distinct sequence of El is related to its distinct function, which is unlike the functions of the main chorion proteins which assemble into fibrous lamellae.
A feature shared between El and other chorion genes is the presence of an intron interrupting the signal peptide-coding region (8, 13) . This is not a good indicator of homology, however, as many eukaryotic genes that encode secretory proteins contain introns within the signal peptide-coding region (26) .
Another interesting feature shared by chorion genes is the presence of one or more copies of similar hexanucleotide sequences (consensus = ATTCAG) located within the short 5' untranslated region (Fig. 4) . In some cases, variants of the consensus sequence are found within a few nucleotides of the cap site, suggesting a possible role in transcriptional initiation. Several sea urchin histone genes also contain 1-nucleotide variants of ATTCAG at their cap sites (27) . To see how significant the recurrence of the ATTCAG sequence is in chorion genes, we searched for its presence throughout these genes (see legend to Fig. 4 (28, 29) . Given the statistical nature of identifying the consensus sequence, it is premature to speculate whether it might have some function restricted to the 5' untranslated region.
Higher-Order Structure of the El Protein. The hydropathy plot shown in Fig. 5 reveals an interesting periodicity that may be related to higher-order structure of El. For lamellar sequences, variations in hydropathy indices of overlapping nonapeptides are neither as dramatic nor as periodic (unpublished observations).
Secondary-structure predictions suggest that the hydrophobic stretches in El are arranged as a-helices and strands of p-sheet. Peaks 1, 3, and 4 (beginning from the aminoterminal end) are predicted by two techniques to contain strands of }-sheet, whereas peaks 2 and 5 are jointly predicted to contain a-helix. A single scheme predicted a stretch of a-helix within peak 3. p-Turns are jointly predicted within three of the four relatively hydrophilic valleys and, with lesser confidence, in the remaining valley as well. Beyond these general features, a-helix is jointly predicted in the fourth valley within the repeated tetradecapeptide sequence, and a 8-turn is jointly predicted in the middle of peak four.
The predicted secondary structures for lamellar sequences share certain features with El but also differ substantially (30, 31) . For example, strands of 8-sheet are quite abundant in lamellar sequences, particularly in the conservative interior or central domain, whereas a-helix content is quite low. These predictions have been confirmed experimentally (32, 33) . By contrast, in El a-helix is predicted to be slightly more abundant overall than p-sheet, although both are relatively abundant. In the central domain of lamellar sequences, it has been suggested that ,8-turns separate short strands of P-sheet in the absence of a-helix (34) . In El p-turns appear to interrupt stretches of both p-sheet strands and a-helix.
In scanning electron micrographs, filler has a spongy appearance, whereas lamellar chorion consists of discrete, uniformly dense layers (2, 12) . In thin-section transmission electron micrographs, filler appears as a loose network of interconnected fibrils, whereas in early-to middle-stage lamellar chorions the fibrils are more ordered, are more closely packed, and do not form visible connections with each other (3, 4) .
The above data permit the construction of a sketchy model for how El might assemble to form filler. The five hydrophobic domains are rich in secondary structure and are good candidates for assembling into the core of the filler ultrastructure visible by transmission electron microscopy. As 
